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ABSTRACT

Tris thesis analyzes the environmental compatibility and
the potential performance capabilities of two proposed types
of vertical flight capable aircraft in an aircraft carrier

Anti-Submarine role. The aircraft compared are the CV

helicopter (SH-60F) and an ASW variant of the Joint Services

x o
V)

A Advanced Vertical Lift (JVX) tilt-rotor aircraft. This
s
,§f thesis compares their adaptability and relative expected

R
v TR

mission effectiveness by analyzing their physical dimensions
and characteristics and their projected flight performance
parameters. Their expected performance in a specific
scenario, an ASW pouncer mission employing active dipping

sonar, is analyzed using a simulation model.
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I. INTRODUCTION

A major threat to an aircraft carrier battle group
(CVBG) is an attack by a submarine. A submarine may attack
with either or both torpedos and cruise missiles, depending
upon its configuration. While many outer layer defenses
exist and are highly effective in counterinyg approaching
submarines, submarines may and sometimes do approach close
enough to pose a cruise missile threat, and they may even
penetrate close enough to pose a torpedo attack threat. The
airborne deterrent closest to the high value unit is
currently the SH-3H Sea King which is a carrier-based anti-
submarine helicopter. The SH-3H is tasked with anti-

. submarine warfare (ASW) in the carrier inner zone. The
carrier inner zone is normally considered to be the area
within fifty nautical miles.

Passive acoustics is an ideal method of detecting
submarines, as a submarine may be detected without being

alerted. However, the effectiveness of passive acoustics is

A5

%ﬁ seriously degraded in conditions of high ambient noise
5
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@ﬁ levels. The noise level in the water is increased by

surface shipping traffic, and is particularly high in the
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area of an aircraft carrier battle group. Active dipping
sonar, deployed by a hover capable aircraft has proven to be

. an extremely effective and reliable sensor in this
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environment. This sensor enables an aircraft to search for,

i)

detect, localize, and quickly attack an enemy submarine.

%@ Variants of the SH-3 have been in active service in
=37

?% carrier battle groups for over two decades, and have
‘,;, undergone numerous airframe and mission equipment

2%% modifications and improvements, including an onboard

N \

sonobuoy information processing capability. In addition to
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soncbuoys and dipping sonar, its ASW mission suite includes

a magnetic anomoly detection (MAD) system and two MK-46
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torpedos. While the SH-3H is a potent weapons system which

can bring a variety of sensors and weapons to bear against
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an enemy submarine, the reduced availability of airframes
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due to attrition and the age of the aircraft has resulted in

Pt

3

increased maintenance requirements and reduced mission
reliability.
Because of the limited useful life remaining for the

SH-3H Sea King, a replacement or follow-on aircraft is
needed. A dipping-sonar-equipped version of the Sikorsky-
built SH-60B Sea Hawk, currently in service in the
Helicopter Anti-Submarine Light (HSL) community has been
chosen as the replacement aircraft. It is anticipated that
this CV helicopter will be designated the SH-60F.

Another aircraft, an ASW configured version of the
Joint Services Advanced Vertical Lift (JVX) tilt-rotor

aircraft, currently being developed jointly by the Bell and

10
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Boeing Corporations for potential Marine Corps applications,
has been proposed as a possible candidate for the carrier
ASW mission. The tilt-rotor configuration of the JVX
enables it to enjoy many of the characteristics of both
helicopters and airplanes. It can take off and land either
vertically or with a short roll with the prop-rotors tilted
slightly forward. Taking off with a short roll allows the
JVX to increase its maximum gross takeoff weight, enabling
it to carry more fuel and thus improve its on station time
and range. Once in flight, the prop-rotors can be tilted
full forward and the aircraft can accelerate to
approximately 275 knots. The maximum forward airspeed of
the SH-60 is 180 knots.

Because of its unique vertical flight capability, the
current carrier based helicopter has been routinely tasked
with other missions as well as ASW. These secondary but
critical missions include search and rescue, utility, and
logistic support. It is an excellent platform for these
missions because of its compatibility for landing or
vertical flight operations and refueling with the majority
of ships in the fleet.

Since the aircraft carrier outer layer ASW defenses such
as the land based P-3C Orign maritime patrol aircraft, the
S§-3 Viking carrier based long range ASW aircraft, and ASW
designated surface ships are utilized to detect submarines

as far away from the carrier as possible, the carrier-based

11




helicopter with its rapid localization and attack capability
is frequently utilized in a reactionary or pouncer mode.

The dipping sonar equipped aircraft may respond to contacts
generated by remote sources either from an airborae or an
on-deck five minute alert status. Once the dipping sonar
aircraft arrives on station, the platform which initially
gained and reported a contact may be relieved and freed to
search other areas.

This thesis investigates and compares the feasibility
and expected effectiveness of the CV helicopter and the JVX
in the carrier ASW environment, and specifically in a
pouncer role. In order to compare these two distinct
aircraft designs, their physical and flight performance
characteristics are analyzed to determine their adaptability
and relative expected performance for the projected
operating environment. The aircraft characteristics and
factors which are considered crucial for a vertical flight
capable aircraft in the aircraft carrier ASW environment are
speed, on-station time, carrier flight deck compatibility,
compatibility with ships other than aircraft carriers, and
feasibility for secondary missions. These elements are
compared in Chapter II.

A model which simulates an ASW pouncer mission is
constructed and executed for both aircraft types. The

purpose of the model is to evaluate the significance of the

12
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speed differential between the aircraft with respect to
detection probability. Both one aircraft searching and two
aircraft searching scenarios are modeled. The model and
results are described in Chapter III. Conclusions and

recommendations for further study are contained in Chapter IV.
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II. COMPARISON OF THE AIRCRAFT IN THE PROJECTED
OPERATING ENVIRONMENT

For an aircraft to be an acceptable and productive
component of an aircraft carrier air wing, it must be
compatible in the carrier operating environment and be able
to perform its designated mission. In order to compare the
CV helicopter and the JVX, several mission areas and
aircraft characteristics are investigated and analyzed. The
factors which are considered of primary interest are
compatibility in the aircraft carrier flight deck
environment, compatibility with ships other than aircraft
carriers, aircraft time on-station, and the aircrafts'
potential for the secondary mission of Search and Rescue

(SAR).

A. AIRCRAFT CARRIER FLIGHT DECK ENVIRONMENT

1. Deck Spotting

For an aircraft to be a feasible component of an
aircraft carrier airwing it must be compatible with the
carrier flight deck. A crucial factor of flight deck
compatibility is the quantity of space which the aircraft
occupies both while taking off and landing, and while
stowed. The size of the flight deck is a limiting
constraint in the number of aircraft which can be deployed.

All aircraft which routinely embark in aircraft carriers

14
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are configured with blade or wing fold systems so that they
will take up less space while not operating. Both the CV
helicopter and the JVX are equipped with fold systems.

The two aircraft differ considerably with respect to
size, both in the operating or spread configuration and in
the folded configuration. The dimensions of each aircraft
and their corresponding square footage appear in Figure 2-1.
The dimensions of the current carrier ASW helicopter, the
SH-3H Sea King are also included for purposes of comparison.
All dimensions represent the largest sections of the
aircraft. The square footage is ootained by multiplying the
aircraft's length by its width. This is essentially the
area of a rectangle drawn around each aircraft at it widest
and longest points.

With both aircraft folded, the ratio of the square
footage of the JVX to the CV helicopter is 2.25. The ratio
of the area occupied by the JVX to the area occupied by the
current carrier helicopter is 1.28. The ratio of the area
occupied by the CV helicopter to the current carrier
helicopter is 0.57, representing a significant decrease.

With the aircraft in the spread or operating
configuration, the differences are not as great. The ratio
of the area of the JVX to the CV helicopter is 1.39 and to
the current carrier helicopter is 1.07. The ratio of the

area occupied by the CV helicopter to the SH-3H is 0.77.
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Folded Configuration

CV Helicopter JVX
Length 40.92 57.33
Width 10.70 17.20
Height 13.25 17.65
Area Folded 437.84 986.08
(square feet) =
JVX Area = 2.25 JVX Area =
CV Helicopter Area SH-3H Area

Spread (operating) Configuration

Length 64.83 57.33

width 53.67 84.50
Height 17.00 21.60
Area Operating 3479.43 4844 .39
JVX Area = 1.39 JVX Area =
CV Helicopter SH-3H Area

Figure 2-1 Aircraft Dimensions
(units in feet)

16
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When aircraft are positioned on the flight deck in
the most compact way to maximize the number of aircraft
which can be deployed, the shapes of the aircraft are
considered. Aircraft can he parked in such a way that they
are closer to each other than the boundary of a rectangle
drawn at the greatest length and width of the aircraft. The
square footage calculations above are for purposes of
comparison only. The factor used to determine the effective
space occupied by an aircraft on a carrier flight deck is
its contribution to the carrier's deck multiple, or the
aircraft's spot factor. It is a means of determining how
many aircraft can be placed in an area of given size with
optimal positioning. The A-7 Corsair is used as a reference
ar.1 has a spot factor of 1.0. The spot factors of all
- embarked aircraft are aggregated and this numerical value is

applied to the density of the particular aircraft carrier 7
and a deck multiple is derived. This deck multiple
determines the quantity and mix of airc:rraft which can be

deployed on an aircraft carrier. The allowable deck

multiple varies between aircraft carriers. The SH-3H has a

@% spot factor of 0.8. The CV helicopter will have a spot

factor of 0.60, and although the spot factor of the JVX is
not yet determined, it is estimated to be approximately
1.30. These spot factors indicate that with respect to

required deck space, the CV helicopter would be an

LSS e
»

. improvement over the SH-3H and the JVX would contribute more
5 17
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to carrier deck multiple than the current carrier
helicopter. The spot factor of the JVX is approximately
twice that of the CV helicopter.

2. Wind Limitations

An important factor which affects flight deck
compatibility is aircraft wind limitations for taking off
and landing. The JVX has a major advantage over the CV
helicopter in this respect. A conventional helicopter,
which is configured with a single main rotor and a single
tail rotor, must take off and land into the wind. Thic is
particularly critical while operating under conditions of
high gross weights, high ambient temperatures, and high
density altitudes. This restriction frequently requires
that the aircraft carrier adjust its course and speed to
place the relative flight deck winds within a prescribed
envelope of direction and magnitude. When the aircraft
carrier cannot maneuver, either for safety reasons or for a
need to maintain a track, the launch of a helicopter may be
delayed, or the helicopter may have to be repositioned on
the deck. The counter-rotating prop-rotors of the JvX
enable it to enjoy significantly less stringent wind
limitations. The relative wind usually must be within
forty-five degrees either side of the nose for a
conventional helicopter. The relative wind for the JVX

could probably extend out to at least ninety degrees either

18
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side of the nose. These direction envelopes are dependent
upon the magnitude of the wind vector.

. 3. Safety

One of the major safety considerations associated

with the flight deck of an aircraft carrier is the danger of
ground crew personnel inadvertently encountering propeller
or rotor blades. The close proximity of operating aircraft
and the numerous evolutions which occur simultaneously on a
carrier flight deck subject ground crew personnel to many
hazards. The tail rotor of a conventional helicopter posess
a threat while it is in motion. The JVX does not have a
tail rotor and therefore would not pose as great a threat to
ground crewmembers. The main rotor systems of the CV
helicopter and the JVX are high enough above the ground that

. they will not endanger ground crewmembers under normal
conditions. The main rotor system of the CV helicopter may
drocp down to approximately 7.5 feet above the ground in
front of the aircraft. The plane of each rotor system of
the JVX is approximately twenty-one feet above the ground
with the rotors turning. Extreme wind gusts may cause the
main rotor blades of a conventional helicopter to dip down
far enough as to endanger ground crew personnel. The
rigidity and length of the JVX's blades would prevent them

from dipping down far enough to be dangerous.

19
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B. COMPATIBILITY WITH SHIPS OTHER THAN AIRCRAFT CARRIERS

The vertical flight capability of both aircraft types
enable them to operate from and with numerous ship types in
addition to aircraft carriers. This capability enhances
their operational effectiveness and increases their margin
of safety as there are more emergency landing sites
available. Additionally, it provides more options in the
area of command and control. If an aircraft carrier's
flight deck is unavailable for landing or refueling due to
other operations or a flight deck emergency, the vertical
flight capable aircraft can refuel aboard or conduct
Helicopter In-Flight Refueling (HIFR) operations with ships
other than aircraft carriers. This option also facilitates
temporary stationing of the inner zone ASW aircraft on
escort ships to suit the tactical situation. Of paramount
benefit is the potential lengthening of on-station time by
the elimination of the need to return to the aircraft
carrier to refuel.

1. Landing Compatibility

The factors which determine an aircraft's ability to
land on a surface ship are its size, weight, and rotor
diameter. The size of the landing area along with
superstructure and obstacle placement and weight limitations
of the host ship also dictate which types of aircraft can
land. Currently the SH-3H Sea King can land on most U.S.

fleet ships of deck size down to and including DD-963

20
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Spruance class destroyers. The CV helicopter will be
required to be compatible for take-off, landing, and
stationing on all ships for which the SH-3H is currently
compatible. Also it will be required to be compatible with
all CV-41 and subsequent aircraft carriers, as well as all
LAMPS MK III capable ships. It will be required to perform
these functions on the FFG and CG ship types on which the
SH-3H cannot land or can land with restrictions. The JVX
aircraft is projected to bhe able to land on most ship types.
Because of its much larger size, for obstacle clearance the
JVX will face directly forward in its final landing
position. Conventional helicopters land at a forty-five
degree angle to the ship's heading. The JVX in this
environment has an advantage of being less restricted by
wind limitations because of its twin counter-rotating prop-
rotors. The CV helicopter with a single main rotor and tail
rotor configuration is restricted to landing within a
prescribed wind envelope which generally requires
maneuvering of the host ship. A disadvantage of the direct
stern landing by the JVX is a reduced waveoff capability in
the event of a single or dual engine failure on final
approach or in close proximity to the ship. This type of
approach will also place the aircraft in a flight regime
where sections of the prop~rotor system will be in ground

effect and other sections will be out of ground effect.
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Theoretical aerodynamic principles infer that this
dissymmetry of 1lift may result in control problems in some
aircraft types, however flight tests of the XV-15, a tilt-
rotor predecessor to the JVX have not indicated any control
problems in this environment. While this type of landing
allows the JVX to fit on most ship decks with adequate
obstacle clearance, its much larger weight precludes its
landing on several ship types due to their inadequate deck
strengths. A landing weight above 32,000 pounds and a
vertical take off weight above 41,000 pounds is beyond the
capacity of the FFG-~7, AOE-1, AE-26, and AFS-1 ship classes.

2. In-Flight Refueling Capability

While landing to refuel is the preferred method,
when landing is not possible due to aircraft or ship size or
if high sea states or wind conditions render landing a
dangerous alternative, the SH-3H can refuel in flight from
virtually all but a few ships in the fleet. Ships are
generally ready to conduct HIFR operations on relatively
short notice and usually within twenty minutes. These
options and capabilities are routinely exploited.

The evolution of refueling a hovering aircraft from
a surface ship is routine in nature and does not employ any
sophisticated equipment. The aircraft descends to
approximately fifteen feet over the deck and lowers a hoist

onto which crewmembers on the ship attach a fuel line.

Aircrew members in turn raise the fuel line and nozzle and
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connect it to the aircraft's fuel cell input port located
within the aircraft. Once the connection is made the
aircraft slides horozontally clear of the ship and descends

- to a position approximately level with the flight deck to
optimize the pumping conditions. The fuel line on the ship
is handled manually by deck hands.

An inherent problem with this procedure is that the
aircraft remains airborne in a high fuel consumption flight
regime. This increases the time necessary to obtain the
desired quantity of fuel, as fuel is being consumed
simultaneously with refueling. If the host ship is unable
to pump fuel at a rate significantly above the aircraft's

- consumption rate the evolution can be long or perhaps even
fruitless. The rate at which ships can transfer fuel
depends on the type and condition of their pumping
equipment, and this varies from ship to ship. Generally the
fuel pump rate is approximately 30 gallons per minute for
most ship types.

Since the refueling aircraft is unable to contribute
to the tactical situation and the HIFR procedure is
fatiguing to both the aircrew and ship deck personnel, as
short an evolution as possible is desired. The time
required to HIFR as a function of net hours of fuel received

- for both aircraft types is displayed in Figure 2-2. The

methodology for these calculations is as follows. The time
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required in the HIFR position to obtain one hour of cruise

o
"
X,

speed fuel is equal to the amount cf fuel required for one
hour of flight at cruise speed divided by the net rate at

which fuel is taken aboard. The net rate at which fuel is

taken aboard is equal to the ship's pumping rate minus the

& rate at which the aircraft consumes fuel while hovering in

133

,é% the HIFR position. The calculations were performed using
584

‘%@ the following parameters with appropriate unit conversions.

JP-5 aircraft fuel weighs 6.8 pounds per gallon. The CV
helicopter consumes fuel at cruise speed and in a hover at
the rates of 800 pounds per hour and 1100 pounds per hour
respectively. The JVX consumes fuel at cruise speed and in

a hover at the rates of 2700 pounds per hour and 3400 pounds

per hour respectively. These consumption rates are for
standard atmospheric conditions at sea level.

This illustration irdicates that the JVX would have
to remain in the HIFR position for approximately eighteen
minutes for each additional hour of fuel obtained. HIFR
times in excess of ten minutes for each additional nour of
fuel obtained is considered unreasonable by current fleet

standards and negates the advantage of the HIFR option. 1In

order for the JVX HIFR procedure to be feasible the ship

a8 pumps would have to be upgraded. A pump rate of

Wi

 § approximately ninety~five gallons per minute would be

’{: i necessary for the JVX's HIFR time to be comparable to the CV
"IJ

NN helicopter's HIFR time at the current pumping rate of
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approximately thirty gallone per minute. Because of the
relatively high speed of the JVX it may be more prudent for
it to return to the aircraft carrier to refuel if a landing
capable ship was not available, or if the ship's fuel
pumping rate was insufficient. At a distance of fifty
nautical miles, the JVX could transit to the aircraft
carrier in approximately twelve minutes at its maximum speed
of 275 knots. However a rapid turnaround is unlikely on an
aircraft carrier if other flight operations are being
conducted. The CV helicopter's HIFR refueling system will
be required to be able to receive fuel at pump rates of up
to one hundred gallons per minute. Figure 2-2 also depicts
the same relationships between the aircraft in the event
that ship pumps are upgraded to pump at one hundred gallons
per minute. While the JVX would still have to remain in the
HIFR position about three times as long as the CV
helicopter, the time required for each additional hour of
fuel obtained is less by a factor greater than four than the
time required at a thirty gallons per minute pump rate. A
period of between four and five minutes for each hour of
fuel obtained is very reasonable, and makes the HIFR option

feasible and beneficial.

C. ON-STATION TIME
The time that an aircraft can remain on-station impacts

heavily on many considerations in aircraft carrier battle
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group tactical and logistical planning. The length of a
cycle in aircraft carrier normal peacetime cyclic time
operation, that is the time between scheduled launches, is

. primarily driven by the on-station times of the embarked
tactical aircraft. The length of a cycle for currently
configured airwings is one hour and forty-five minutes. The
recovery of airborne aircraft immediately follows the launch
of the next cycle aircraft. Current carrier ASW aircraft,
the S-3A Viking and the SH-3H Sea King, have sufficient on-
station times to enable them to remain airborne for two
cycles which alleviates flight deck congestion. Tactical
effectiveness increases with on-station time in an ASW
environment. The ASW mission often requires that large
areas be covered. On-station time is most crucial during
the prosecution phase of an ASW problem. If an aircraft
must leave station before a relieving aircraft arrives, the
submarine could be allowed to escape further detection. On-
station time is also an important factor in a Search and
Rescue scenario, particularly if a large area must be
searched.

An aircraft's on-station time is primarily dependent
upon the quantity of fuel it can carry, the rate at which
fuel is consumed, and the distance to station. The nature

- of the mission, which dictates flight profiles, also

influences the time available on-station, as fuel
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consumption rates vary wi*h flight regimes. With vertical
flight capable aircraft, hovering is a complex phenomenon,
which is achieved through the interaction of many opposing
aerodynamic forces. This results in high power requirements
and reduced efficiency.

In order to compare the JVX and the CV helicopter with
respect to potential on-station time, a scenario was
developed. This scenario is an ASW mission where the
aircraft launches from an aircraft carrier with a full fuel
load, and proceeds to an ASW datum at its respective cruise
speed. Once on-station, the aircraft conducts an ASW search
by deploying a dipping sonar from a hovering position. If
no detection is made in a search position, the aircraft
retrieves the dipping sonar and transits to the next
position of a systematic s pattern. Upon expiration of
the aircraft's available on- on time, iz returns to the
aircraft carrier at cruise speed and lands.

With the intent of evaluating these two aircraft types
with respect to potential on-station time, and in light of
the search technique, it is considered that fifty percent of
the time on-station will be spent hovering and fifty percent
in forward flight at normal cruise speed. These proportions
are generally accepted standards and are applied in aircraft
requirement specifications.

Since many of the projected parameters of the JVX are

based on prelimimary designs and experimental data involving

28

o T N o T T I o S T T T T o T o, o o S i i i = S mp * N 3 = = e = A e N e R N e m N s = A A



different organizations, there is a degree of variation.
Estimates of the quantity of useful fuel which can be
carried internally in the JVX vary from 10,920 pounds to
12,200 pounds. The JVX is also projected to be able to
carry fuel externally at the expense of external loads such
as torpedos. With two sponsor stations mounted, it is
possible to carry two torpedos and one 400 gallon fuel tank.
This 400 gallon fuel tank corresponds to an increase of 2720
pounds of fuel or approximately one hour of fuel at cruise
speed. The average hover fuel consumption rate is projected
to be 3400 pounds per hour with the current design. Fuel
consumption at cruise speed is also a function of aircraft
weight and decreases as aircraft weight decreases during a
mission as fuel is consumed. The average cruise fuel
consumption rate is projected to be at 2700 pounds per hour.
The factors which effect on-station time for the CV
helicopter are not as variable as with the JVX, as it is a
derivative of a thoroughly flight-tested aircraft. The
dipping sonar version of the SH-60B is basically the same
aircraft with alterations to its airframe and avionics. There
are no changes with respect to its power-plant or rotor
system configurations. The fuel capacity of the CV
helicopter is 4000 pounds. 1Its hover cruise fuel
consumption is 1100 pounds per hour and its average cruise

fuel consumption is 800 pounds per hour.
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Because of the variablility of the projected fuel

parameters of the JVX, on-station times were evaluated for
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four variations of its fuel capacity and consumption rates,
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along with one case for the CV helicopter, for distances to

station out to 150 nautical miles. This is depicted in

<
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Figure 2-3. Four cases of the JVX parameters were evaluated

to facilitate a graphical sensitivity analysis. That is, to

3

determine how important certain parameters are to on-station
time. 1In all four cases of the JVX parameters analyzed, the
average cruise fuel consumption rate is fixed at 2700 pounds
per hour. This is the least variable of the projected
aircraft characteristics.

Aircraft fuel consumption rates, both while hovering and
in cruise flight, are dependent upon aircraft power
requirements. These power requirements are influenced by
environmental conditions such as wind and temperature, and
aircraft conditions such as weight and flight profile. The
most critical factor is aircraft weight. As an aircraft

becomes lighter during the cours= of the flight, its

) power requirements, and subsequently its fuel consumption
rates decrease. For the purpose of the comparisons
illustrated in Figure 2-3, the fuel consumption rates are
considered to be average rates over the duration of a

mission. The description of the case parameters follows.
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JVX
Case 1. Fuel Capacity 12000 pounds
Hover Fuel Consumption Rate 3400 pounds per hour

Cruise Fuel Consumption Rate 2700 pounds per hour

Case 2 Fuel Capacity 12000 pounds
Hover Fuel Consumption Rate 3100 pounds per hour

Cruise Fuel Consumption Rate 2700 pounds per hour

Case 3 Fuel Capacity 10950 pounds
Hover Fuel Consumption Rate 3400 pounds per hour

Cruise Fuel Consumption Rate 2700 pounds per hour

Case 4 Fuel Capacity 14920 pounds
Hover Fuel Consumption Rate 3400 pounds per hour

Cruise Fuel Consumption Rate 2700 pounds per hour

CV Helicopter

Case 4 Fuel Capacity 4000 pounds
Hover Fuel Consumption Rate 1100 pounds per hour
Cruise Fuel Consumption Rate 800 pounds per hour

The methodology for calculating these on-station times
is as follows. The time on-station is determined by the
quantity of fuel available on-station divided by the average

} fuel consumption rate while on-station. Since it is assumed

that the time on-station will be divided evenly between
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hovering and at cruise speed, the average fuel consumption
rate on-station is the average of the hovering and cruise
consumption rates. The fuel available on-station is the
full capacity fuel load less the quantity used enroute to
datum and the quantity used enroute back to the carrier at
the end of the mission. In addition, a required reserve
quantity of fuel was deducted from the fuel available on-
station. Naval aviation regulations require that aircraft
arrive at their destinations with a reserve fuel quantity of
that necessary for twenty minutes of flight at a speed for
maximum range, or ten percent of total fuel capacity, which
ever is greater. With both the JVX and the CV helicopter,
the higher quantity corresponds to the twenty minute
requirement. For the JVX it is 900 pounds, and it is 266
pounds for the CV helicopter. The quantity of fuel used
enroute is obtained from the time enroute multiplied by the
cruise fuel consumption rate. The time enroute is
determined by how long it takes the aircraft to transition
to cruise speed after a vertical take off and how long it
takes to travel the distance to datum less the distance
covered during the speed transition. The JVX takes
approximately fifteen seconds to accelerate to its cruise
speed of 250 knots, and the CV helicopter takes
approximately twenty seconds to accelerate to its cruise
speed of 150 knots. During transition the speed changes are

. assumed to be linear.
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Several assumptions are inherent in this scenario.
1. The distance which the aircraft must travel enroute
to station, and on the return trip back to the aircraft
carrier, are the same. This would be the case where
there is no net carrier movement, and the aircraft ends
his search at the initial datum.
2. No detections are made during the search phase which
might alter the proportions of time spent in a hover and
at cruise speed.

3. Fuel used on deck during starting is not considered,
and all fuel is useable.

4. Wind conditions do not impact upon effective speeds
and enroute times.

Figure 2-3 indicates that for case 1 each has an advantage
over the other at different ranges. At approximately
seventy-five miles to datum they have equal available on-
station times. At a range of ten miles the CV helicopter
has approximately a fifteen minute advantage, and at 150
miles the JVX has approximately a twenty minute advantage.
Tne slope of the lines indicate that the advantage of the
JVX over the CV helicopter would increase as distance to
datum increases beyond 75 miles. Current aircraft carrier
ASW doctrine defines the inner zone as a circle around the
carrier with a radius of fifty miles. While this is not a
steadfast boundary, beyond which the inner zone aircraft

does not penetrate, it is generally accepted tactical

guidance. As the inner circle is currently defined, the CV

helicopter has an advantage in on-station time. It sheould

be noted that between ranges of 10 to 130 nautical miles,

b It
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the largest deviation is fifteen minutes, which is not a
large difference. It should also be noted that for

. comparable on-station times, the JVX consumes approximately
three times as much fuel as the CV helicopter.

Case 2 represents a fuel consumption rate of 3100 pounds
per hour for the JVX. This is approximately a ten percent
decrease in the hover fuel consumption rate of Case 1 with
the same fuel capacity. 1In this case the JVX and the CV
helicopter also have advantages over each other, but the CV
helicopter's advantage only extends out to approximately
twenty miles. At one hundred miles to datum the difference
in time on-station is approximately sixteen minutes. This
illustrates that a ten percent reduction in the JVX's fuel
consumption rate with a fuel capacity of 12,000 pounds,
would significantly improve its on-station time relative to
the CV helicopter.

Cas~? 3 represents the JVX with it lowest projected fuel
capacity and a hover fuel consumption rate of 3400 pounds
per hour. Under these conditions the CV helicopter has an
advantage in on-station time at all ranges out to 150
nautical miles with the greatest difference of approximately
thirty-six minutes at ten miles to datum. Both aircraft
have approximately the same on-station time at 150 miles to
datum.

Case 4 depicts the JVX with a 12,200 pound internal fuel

capacity and one external tank containing 400 gallons (2720
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pounds JP-5), and a hover fuel consumption rate of 3400
pounds per hour. In this configuration the JVX has a
considerable advantage in on~station time over the CV
helicopter at all distances to datum out to 150 nautical
miles. The difference is about forty-two minutes at ten
miles to datum and about seventy-seven, minutes at 150 miles
to datum. This illustrates that this increase in fuel
capacity, with the same hover fuel consumption rate as Case

1, significantly improves the JVX's on-station time.

D. SEARCH AND RESCUE

Search and Rescue (SAR) is a mission of paramount
importance to an aircraft carrier battle group for numerous
reasons. A proven SAR capability strongly influences the
morale of personnel whose jobs on the flight deck expose
them to hazards such as jet blast and high winds, conditions
which can result in man-overboard situations. A strong
airborne SAR capability also impacts positively on the
morale of tactical aircrews whose missions may take them
great distances from the aircraft carrier. In a hostile
environment, a SAR capability may mean the difference
between rescue and capture for aircrews.

Search and Rescue has never been the primary mission of
any generic aircraft carrier airwing aircraft. The
offensive mission of an aircraft carrier and the limited

space available for aircraft restricts the embarked aircraft
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to those which contribute to the primary missions of
projected airpower and battle group defense. Subsequently,
SAR is designated as a secondary mission. Currently the SH-
3H helicopter is the primary airborne SAR vehicle for
aircraft battle groups. Any follow-on aircraft with a hover
capability will likely also be tasked with SAR as a
secondary mission.

Generally Search and Rescue situations occur in close
proximity to the aircraft carrier, resulting from man-
overboards or downed aircraft during launch and recovery
operations. The use of the aircraft carrier's or another
ship's motor whale boat as a recovery vehicle is a time
tested and typically effective rescue method. However it is
not useful if search is required and is only effective at
short ranges. In addition, high sea states may prohibit its
use. An airborne SAR vehicle can usually respond quicker
and is effective .at much greater ranges. Response time
often determines a 1i fe or death outcome in the case of a
distressed or injured potential survivor. In many areas of
the world low water temperatures may rapidly induce
hypothermia which necessitates a quick rescue.

The potential success of a SAR attempt depends on many
factors and conditions, and rarely are the conditions
identical for any two SAR situations. Daylight under visual

meterological conditions (VMC) with adequate ceiling and
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visibility is the most advantageous situation for a SAR
mission. This environment simplifies both the search and
rescue phases, and may facilitate a mission of relatively
short duration. Under these conditions, a rescue aircraft
may search a wide area by flying at an altitude of at least
five hundred feet above ground level (AGL), which provides a
large visual horizon, and an airspeed determined by pilot
judgement. Speeds between eighty and one hundred knots
would be appropriate when searching for a lone potential
survivor. Factors such as sun position and glare may
influence the search altitude, airspeed and pattern
orientation. During periods of reduced visibility or at
night, a much lower altitude is necessary to distinguish
objects in the water. Current SAR doctrine recommends an
altitude of 110 feet AGL, and a groundspeed of sixty knots
for searches during instrument meterological conditions
(IMC). [Ref. 1] Other factors, independent of the
capabilities of the rescue aircraft and aircrew, which
strongly influence the outcome of a SAR attempt are the
actions and equipment used by a potential survivor. The
proper use of reflective material signaling devices, and
locater beacons can simplify the scenario and increase the
probability of rescue.

The basic differences in flight characteristics between
the CV helicopter and the JVX make them very different with

respect to SAR potential. The JVX with its speed advantage
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will have the ability to arrive at a search datum more
quickly. This advantage is minor at short distances, but
becomes pronounced as the distance to search datum
increases. The maximum speed for the JVX is 275 knots and
the maximum speed for the CV helicopter is 180 knots.

The time required, measured from initial notification,
for each aircraft type to arrive on-station at distances out
to 150 nautical miles is illustrated in Figure 2-4. These
relationships reflect the situation where the aircraft are
in a five minute alert posture and respond to a SAR report
by taking off, transitioning to forward flight and
proceeding to the search datum at maximum speed. For the
puarpose of this comparison, it is assumed that both aircraft
types are able to maintain their maximum speeds throughout
the transit to datum. Additionally, wind factors are not
eonsidered which could influence effective ground speeds,
and 1t is assumed that navigational errors do not exist,
allowing each aircraft type to proceed directly to datum.
The purpose of this scenario is to determine potential
differences between the aircraft. During normal flight
operations the inner zone ASW aircraft is usually airborne
and within close range of the aircraft carrier and would be
able to react more quickly to a SAR event. The SAR aircraft
would be in a fifteen or thirty minute alert posture during

periods of no flight operations. The method used to
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determine the time to arrive at datum is as follows. The
total time is equal to the sum of the off deck time, the
time for the forward flight transition and the time required
to travel the distance to datum less the distance covered
during forward flight transition. As an example, the time
for the CV helicopter to arrive at a search datum at twenty
minutes is calculated as follows. The CV helicopter takes
off five minutes after notification and travels one-half of
a mile during its twenty second transition to maximum speed.
This assumes a linear increase in speed during the
transition. At its maximum speed, it takes 6.5 minutes to
travel the remaining 19.5 miles tc *atum, for a total time
of 11.83 minutes.

At a range of ten nautical miles there is approximately
a one minute advantage for the JVX, but at ranges beyond
seventy nautical niles and out to one hundred and fifty
nautical miles, the JVX takes approximately seventy percent
of the time that the CV helicopter takes to arrive at a
search datum. During routine peacetime operations, the
majority of SAR situations occur in close proximity to the
carrier battle group, usually within twenty nautical miles,
so the speed advantage of the JVX would be of little
consequence. During hostile operations when tactical
aircraft are involved with air strikes at great distances
from the aircraft carrier, inland or over water, this speed

advantage would be beneficial. An evaluation of the JVX
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“=craft for the Combat Search and Rescue (CSAR) mission
conducted by the Center for Naval Analyses (CNA) concludes
that a much lower capture rate would result for a downed
airmen with the JVX than with a conventional helicopter in
cases of deep penetration of enemy territory. This is
entirely credited to the speed advantage of the JVX. This
study also concludes that for scenarios similiar to those
experienced during the Vietnam War when most aircraft were
downed in highly populated coastal regions close to CSAR
stations, the superior speed of the JVX would do little to
improve mission effectiveness. [Ref. 2] This study does
not consider aircraft survivability. The higher)speed of
the JVX would make it less susceptible to damage from ground
fire than the CV helicopter.

An inner zone ASW aircraft will not be configured for a
CSAR role. This configuration entails armor plating,
firepower, and specialized search devices. This mission
equipment would require major airframe modification and
redesign, and is not compatible with an ASW designed
aircraft. Currently there are specially equipped aircraft
and trained aircrews for the CSAR mission and non-CSAR
designated aircraft would only attempt a rescue in a
sanitized area when resistance is highly unlikely. For

these reasons, a long range SAR capability for an aircraft

carrier battle group is not considered of prime importance.
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As discussed previously, once a search aircraft arrives
at datum, the optimal search tactic is determined by the
environmental conditions. With an established recommended
airspeed and altitude during instrument conditions, there
would be no major difference between the aircraft in this
respect. During visual meteorologicly conditions, when the
optimal search altitude and speed are influenced by the
ceiling and visibility, the JVX would be able to cover a
much greater area in a given time period. For the CV
helicopter, search parameters of above five hundred feet AGL
altitude would be appropriate. The JVX would utilize the
same altitude for a given situation, but would search at
speeds up to two hundred knots. It should be emphasized
that these parameters depend upon many factors and are
considered benchmarks. A particularly important
consideration is the size and visual contrast of the object
being search for. Under these assumptions, the JVX would be
able to search a geographical area roughly twice that of a
CV helicopter in a fixed amount of time. This increased
coverage would be very beneficial in situations with low
confidence search datums.

The rescue phase of the SAR mission, like the search
phase varies greatly with respect to meteorological
conditions. During daylight with favorable environmental
factors, the rescue aircraft approaches the victim(s) under

manual pilot control. During a night rescue, an approach
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technique is performed which utilizes an automatic control
system. The pilot flys a windline rescue pattern which
positions the aircraft downwind of the survivor and engages
the automatic control system which flys the aircraft from a
gate position of 150 feet AGL and sixty knots to a hover
close to the survivor. This method is considerably less
expedient than the manual method, but is necessary due to
the lack of visual references for the pilot and the high
susceptibility to vert in this flight regime. A major
difference between the .V helicopter and the JVX in this
phase of the mission is aircraft wind limitations. The
conventional helicopter must approach the survivor and hover
into the wind. The JVX with its counter-rotating prop-
rotors is much less restricted. This aerodynamic
dissimilarity would not be significant during day rescues
when a manual approach is executed. However in a night
rescue scenario, the lack of wind limitations for the JVX
eliminates the need to execute a windline rescue pattern,
which would result in less pilot workload and a reduction in
rescue time. During a night rescue attempt, the JVX would
still have to execute an automatically controlled approach,
but without concern for wind orientation, and could reach
the survivor up to two minutes sooner. This time difference

could be crucial to a downed pilot who is injured, or

experiencing parachute entanglement.




il
i

Y
(L v
[ ReS oole gy

K %0
"

B Wer? e e

L]
Fe
/
243
s
24

A factor which must be considered when evaluating the
feasibility of an aircraft for a SARmission is the
magnitude of rotor downwash. This is the velocity and
downward mass flow of the air below the aircraft caused by
the rotor systems. If it is too great, it may render an
aircraft non-SAR capable, as the airflow may cause enough
turbulence in the water that a SAR attempt would be
fruitless. The downwash of the CV helicopter will not be a
limiting factor, and the aircraft is required to be SAR
capable. The JVX with its much more powerful engines and
prop-rotors is expected to have a stronger downwash. Because
of the location of the prop-rotors on the wingtips, the area
directly L-low the fuselage is expected to be relatively
calm. The JVX could perform a rescue by remaining directly
over the victim during pickup. This would not be difficult
during day rescues, but could be during night rescues when
hover stability is much more demanding due to the lack of

discernable visual references.

E. SUMMARY

There are many differences between these two aircraft
types with respect to their potential feasibility and
compatability in the aircraft carrier operating environment.
Both aircraft have advantages over the other in several
mission areas and operating characterisitics. This chapter

has investigated those areas which are considered to be of
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principle interest. Figure 2-5 contains an abbreviated

e description of the findings in these comparisons.
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CV EELO
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requires less space
spread and folded
CV spot factor 0.6

more restricted
(+ or - 45 degrees
for take-off)

rotor system droop
tail rotor

SHIPBOARD COMPATIBILITY
(other than CV's)

more landing ships
available

superior at ship
fuel pump rates of
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:
E SEARCH AND RESCUE
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3
g Rescue
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. Figure 2-5
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requires more space
spread and folded
CV spot factor 1.3

less restricted
(+ or - 90 degrees
for take-off)

high rotor system
no tail rotor

less landing ships
available (weight/
size limitations

comparable at ship
fuel pump rates of
100 Gal/Min

advantage at
greater than 75
miles to datum

advantages at all
distances to datum

equal
(procedure modified
due to rotor
downwash)

Summary of Aircraft Comparisons



III. COMPARISON OF THE AIRCRAFT IN A SIMULATED ASW MISSION

The aircraft are compared with respect to their
potential performance in a simulated ASW pouncer mission.
In a pouncer role an aircraft responds to a contact reportea
by another source. The purpose of the model is explained,
along with a description of the scenarios, model
methodology, and model assumptions. This is followed by

model validation and a discussion of the results.

A. PURPOSE OF THE MODEL.

The purpose of the model is to provide insight into how
important the speed differential between the aircraft is and
at what ranges to datum it is significant. There is no
appreciable difference between the JVX and the CV helicopter
with respect to on-station time under their Case 1
conditions of a normal ASW search mission where the aircraft
proceed to their search stations or datums at cruise speed
and utilize the dipping sonar as the primary sensor. This
similarity applies out to ranges of appror'mately one
hundred nautical miles. Under the base case parameters for
both aircraft, the difference is at most twenty minutes and
both aircraft have approximately a 3.1 hour on-station time
at seventy-five miles to search datum. With these results

established, the question arises as to what is the
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fundamental difference between the aircraft in potential ASW
mission effectiveness. The major difference is speed.

. The effectiveness of an attack on a submarine by an air
launched torpedo is highly dependent upon how close to the
submarine the torpedo enters the water and its guidance
instructions. A hover-capable aircraft with a dipping sonar
is an ideal platform for this mission as it can be placed in
an optimal launch position relatively quickly once a
detection is made. In light of these factors, scenarios are
modeled in which the inner zone ASW aircraft acts as a
pouncer, reacting to a datum generated by a remote source.

As measures of effectiveness the model predicts the
overall probability of detection, the conditional
probability of detection within a specified time period
given that a detection occurs, and the conditional
probability of detection by a specified look position given
that a detection occurs. The remote source which generates
a datum could be a ship or an aircraft such as an S-3A
Viking or a P-3C Orion. For the purpose of this comparison

the remote source which reports the contact plays no further

"3 role in the scenario, and the intentions of the submarine

;
¥

are unknown.
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Both one aircraft and two aircraft scenarios are modeled
) for each aircraft type. That is, a scenario was run for the
3 cases of one CV helicopter, one JVX, two CV helicopters, and

two JVX's. The model was constructed and executed in
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FORTRAN and run on the Naval Postgraduate School's IBM 3033
mainframe computer. It employs the Monte Carlo simulation
technique and is a combination of critical event and several
time step executive processes. The scenarios were each run
separately for each aircraft type incorporating their
individual projected flight characteristics. Each scenario
was replicated 1000 times. A description of the model
construction and the program listing is contained in
Appendix A.

Many tactical factors can be analyzed with this model,
such as the optimal separation between search positions and
the optimal amount of time to remain in each search
position. The combination of tactical parameters which
yielded the best results in each situation was determined
and utilized for comparing the best potential performance of
each aircraft type. While the model could be refined to
suit other purposes, the basic intent is to compare the
relative expected performance of the aircraft. The model
considers only the active dipping sonar sensor and does not
investigate the ramifications of sonobuoy or magnetic
anomoly detection (MAD) tactics.

The model is constructed to also measure the ability of
an aircraft to maintain contact with the submarine once it
has been detected. This is quantified by the ability to

redetect the submarine in subsequent search positions using
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var.>ys tactics. This feature was included in the
preliminary stages of programming, but is not useful as a
measure of effectiveness witﬁ respect to detection
probability or for comparing the aircraft and is not

included as output.

B. DESCRIPTION OF THE MODEL

1. Description of the Scenarios

a. One Aircraft Searching

In this scenario the inner zone ASW aircraft is
on the deck of an aircraft carrier ina five minute alert
posture. Its mission is to respond to a submarine contact
generated by a remote source. When the datum is
established, the aircraft launches from the aircraft in five
minutes and proceeds to the datum at its maximum speed.
Upon reaching datum the aircraft commences an ASW search
employing active dipping sonar. The aircraft positions
itself at datum, establishes a hover, and lowers its dipping
sonar into the water. If no contact is made with the
submarine, it retrieves its dipping sonar and transits to
the next search position. The time required for the
aircraft to travel between search positions is a function of
acceleration and deceleration times, airspeed
limitations, and the distance to be traveled. The aircraft
follows a north-oriented expanding square search pattern

[Figure 3-1]. It remains in each discrete search position
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Figure 3-1 Expanding Square Search With One Aircraft
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for a predetermined amount of time. While in a sonar hover,

discrete looks occur every ten seconds. This corresponds to

s 'pings' with an active dipping sonar. Search positions are
;ﬁ either three, four, or five nautical miles apart depending
S upon the optimal tactic for the time late.

The aircraft follows its systematiz search
pattern until the expiration of its available tinie on
station, or until it detects the submarine. The available
time on station is dependent upon fuel capacities, fuel
consumption rates, flight regimes, and distance to datum.

Five cases of submarine speed§ are simulated.

In one case the submarine's speeds is random with a Uniform

distribution between speeds of five and twenty knots. In

the other four cases, the submarine's speed is fixed at
2y five, ten, fifteen, and twenty knots. In all cases the
submarine's course is random with a Uniform distribution

between 0 and 359 degrees. These assumptions reflect the

R
B -y A Ky 4,

unknown intentions of the submarine.

:} Pod
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There are three possible events which can occur

S in each search position or sonar hover which consists of a
i{ series of discrete detection opportunities.

First, when an aircraft begins a sonar hover the

" wE
Lt 2
{8 DY e

o
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submarine is within TSR. In this event the distance between

v
g

L X7
-

.he aircraft and submarine is calculated and a probability
of detection is determined based on a Normal distribution of

the TSR. A Uniform [0,1] random number is compared to this
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probability of detection and a detection or a non-detection
is recorded. As long as the submarine is within TSR and has
not been detected, its position is updated every ten seconds
based on its course and speed, ard search looks occur every
ten seconds until the expiration of the aircraft's allotted
time per search position. There would be thirteen 'pings'
or detection opportunities in a two minute sonar hover if a
detection did not o=cur.

Second, when arn aircraft begins a sonar hover
the submarine is not within the TSR but will be within range
during the sonar hover. In this event the submarine's
position is updated based on its course and speed in thirty
second intervals to determine if it has moved within TSR.

If the submarine has moved within TSR the probability of
detection and a detection or a non-detection event are
de! :rmined in the same manner as in event one.

Third, when the aircraft begins a sonar hover,
the submarine is not within TSR and will not be within TSR
during the search cycle. In this event the submarine's
position is updated based on its course and speed, and the
length of the aircraft's sonar hover search time. The
aircraft proceeds to its next position in the expanding
square pattern.

b. Two Aircraft Searching
The two aircrzft scenario is identical to the

one aircraft scenario with respect to search technique,
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submarine actions, and detection methodology. The aircraft
launch from the aircraft carrier simultaneously and proceed
to the datum area. One aircraft initially positions itself
at datum and follows the same search pattern as in the one
aircraft scenario. The second aircraft initially positions
itself in a position which is offset from the first
aircraft's position by one-half of the designated distance
between search positions to the south and to the west. The
second aircraft follows a south-oriented expanding square
search pattern with each reposition direction opposite that
of the first aircraft. This approximates a spiral search
pattern where the aircraft expand outward from datum in a
symmetric manner. [Figure 3-2].

In this scenario the aircraft remain in each
search position an equal amount of time and reposition
simultaneously. The detection opportunities of each
aircraft are independent of the other aircraft, and
detection probabilities are dependent only on the distance
between each aircraft's sonar and the submarine.

2. Model Methodology and Assumptions

a. Maximum Dip Time and Distance Between Search
Positions

The models were run for combinations of dip
times ranging from two to five minutes and distances between
dips ranging from two to five nautical miles in the single

aircraft expanding square search pattern for all distances
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the unlikelihood that the submarine's track would bring it

i

%% to datum for both aircraft types. For the purpose of

£§ determining a general trend in the tactical combinations
:3 which yielded the highest detection probabilities, 500

;g replications were conducted for several of the scenarios
‘§ prior to the actual simulation runs.

; In these preliminary model runs, for all cases
4? the least amount of time spent in each search position

5

*% yielded the best detection probabilities. This can be

. interpreted as a detection will occur early in a search
tg position or it will not occur at all. This correlates to

Y

within the aircraft's TSR in a discrete search position if
it was not already within the aircraft's TSR at the

beginning of the dip. Consideration was given to evaluating

each aircraft's performance using shorter sonar hover

position times than two minutes, but two minutes is

4 considered to be the practical minimum in current fleet

; tactics. Establishing and maintaining a hover is both

:5 mentally and physically taxing to an aircrew. It must be

=§ remembered that safety of flight while operating close to

‘Z the water, as well as the tactical employment of sensors and
=E weapons are factors with which the aircraft commander is

~; concerned. Search position times of less than two minutes

would probably lead to better results, but two minutes is
considered reasonable with respect to pilot workload and was

used in all actual model simulations.
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The optimal distance between search positions in
the expanding square search pattern varies with distance to
datum. Generally, as distance to datum and time late
increase, greater separations between search positions lead
to the best results. This observation was also made during
the preliminary model runs.

b. Frequency of Detection Opportunities While
in a Sonar Hover

While in a sonar hover, if the submarine is
within TSR the distance between the aircraft and the
submarine is calculated and a detection or a non-detection
is determined every ten seconds. This 'ping' rate considers
the time involved in transmitting the active sonar signal,
waiting for a return signal, and the sonar operator's
decision process of determining whether a contact is present
or not. Depending upon environmental conditions and the
sonar operator's experience, more or less frequent
transmission rates may occur. In this model ten seconds is
assumed to be the average rate.

The probability of detection on each discrete

;C; detection opportunity in a search position is assumed to be
 i¥ independent of all other discrete detection opportunities.
;ig Each is a probabilistic occurrence and is influenced only by
%%% the current range between the aircraft's sonar and the

E%E submari—e. This is directly related to the assumption that
.
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the depth of the sonar and the submarine, and the aspect of
the submarine do not influence detection probabilities.

c. Expanding Square Search Pattern; (One Aircraft
Searching)

In this scenario it is important to realize that
the intentions of the submarine are not known. If it were
known that the submarine intended to approach the aircraft
carrier, a search pattern which concentrated on the area
between the submarine's reported position and the aircraft
carrier would be appropriate. In these models the submaraine
is on a random course which may or may not approach the
aircraft carrier. An expanding square pattern approximates
a spiral pattern which is germane under these circumstances.
Variations of spiral search patterns are routinely used in
this situation in current fleet tactics. Since the
submarine's course is random the orientation of the search
pattern is not crucial. A north-oriented search pattern was
used to simplify programming considerations.

d. Expanding Square Search Pattern (Two Aircraft
Searching)

In the scenario of two aircraft searching for
the submarine, each aircraft also follows an expanding
square pattern. The intentions of the submarine are also
unknown in this scenario and the area about datum can be
searched approximately twice as quickly than in one aircraft
scenario. Some overlap in the area covered may occur

depending upon the distance between search positions.
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e. Detection
The detection event in this model is determined

using a fitted normal probability distribution. The
greatest range at which it is possitle to detect the
submarine is the tactical sonar range. In the case of
active dipping sonar this is usually direct path sound
propagation. TSR varies with environmental factors,
particularly temperature, pressure and salinity. In this
model TSR is fixed at 4000 yards. The mean detection range,
A s is one-half the tactical sonar range. That is, the
probability of detecting the submarine at 2000 yards is 0.5.
The standard deviation, ¢ , was determined so that the
cumulative probability of detection within TSR was
approximately one, and its value must generate reasonable
probabilities for the ASW dipping sonar based on fleet
experience. A standard deviation of 800 yards was used.

The detection probability distribution function

Fy(x) = @(x;’“’> ,

where X is a random variable and is defined as the detection

is

range. The probability of detection at a detection range x is
1 - Fx(X)

The model calculates the actual range, r, to the submarine

from the dipping sonar. The probability of detection at

this range r is equal to the probability that the detection
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range is greater than the calculated range, and this is
equal to 1-Fy(r).
P(Det) = P (x > r) = 1 = Fy(r)

Figure 3-3 displays the lateral range curve
based on a normal distribution of definite ranges. The
probability of detection in a search position is assumed to
be circular normal, allowing the cross-saction of the
distribution to be symmetric and used at all bearings. With
this detection distribution, the probability of detection at
0 yards is 0.5, and the probability of detection at 4000
yards is approximately 0.0. These models consider only the
lateral range to the target, and not target aspect or
submarine depth.

The probability of detection during a search is
approximated by the number of detections made divided by the
number of attempts. The probability of detection by a
certain time is approximated by the number of detections
made by that time divided by the number of attempts where a
detection has occurred. The probability of detection by a
certain search position number is approximated by the number
of detections which occurred by that search position number
divided by the number of attempts where a detection
occurred. The probability of detection on the first 'ping'
of the first search position is approximated by the number
of detections made on the first 'ping' of the first search

position divided by the number of attempts.
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It is assumed that the use of active dipping
sonar by the searching aircraft does not influence the
actions of the submarine. The principles of underwater
acoustics state that sound waves propagate much greater
distances than the distance at which it is possible for the
transmitting source to receive a recognizable return signal.
This means that a submarine could be alerted of the presence
of a searching aircraft prior to the aircraft detecting the
submarine. This could influence the submarine to alter its
track before it is actually detected in an attempt to evade
contact. Since the time that the searching aircraft remains
in a search position is only two minutes, it is unlikely
that the submarine would be able to locate the source of the
sonar signal and determine if it could be detected, and
would probably not initiate evasive maneuvers. In addition,
there may also be other active sonars, probably from surface
ships, operating in the area.

f. Aircraft Search Speed

This is the effective or average speed which an
aircraft attains between search positions in the expanding
square search pattern. It directly determines the amount of
time required for the aircraft to transmit between search
positions and is used to update the submarine's position.
Aircraft cearch speed is calculated by the distance to be
traveled divided by the time required between search

positions. In this model the time between search positions
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is the time which the aircraft takes to reposition from a
sonar hover with the dipping sonar lowered to another sonar
hover with the dipping sonar lowered. The method used to

determine elapsed time between search positions follows.

Time between search positions = time to retrieve the sonar
+ time to transition to transit speed
+ time to travel the distance between
search positions less the distance
covered during transitions

+ time to transition to a sonar hover

+ time to lower the sonar

The time required to raise and lower the sonar
transducer while in a sonar hover depends upon the depth at
which the search is being conducted and the effective speed
of the reeling machine. There are minor variations between
reeling machines. This model does not consider submarine
depth, and subsequently sonar position depth. For the
purpose of evaluating the time between sonar hovers ten
seconds is used for the time to retrieve the sonar and five
seconds for the time 1o lower it for both aircraft types.

The current dipping sonar aircraft has a forward
airspeed limitation of 100 knots while the sonar transducer
is deployed. Between sonar hover positions the sonar
transducer is raised to a trail position of about three to

four feet below the aircraft. The scnar transducer is not
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retrieved all the way to the seated position within the
aircraft as this evolution may be time consuming. The
forward flight limitation exists to prevent damage to the
aircraft and the sonar transducer resulting from a.rflow
induced oscillations of the transducer and cable. It is
assumed that a follow-on dipping sonar aircraft will have
the same limitation. If the aircraft were able to
completely retrieve the sonar in a timely manner, they would
be able to transit between search positions at higher
speeds, however since the search positions are only two
miles apart the difference in time would be insignificant.
Therefore, the maximum attainable speed between search
position is 100 knots in this model.

Transition time is the time required for the
aircraft to accelerate to their transit speed of 100 knots
and from 100 knots to a hover. The JVX takes seven seconds
for this transition and the CV helicopter takes ten seconds
for this transition. This difference in transition time is
insignificant.

g. Time Enroute to Datum

The time it takes an aircraft to arrive at datum
is a function of the distance to datum and the aircraft's
flight characteristics. The time enroute to datum was

calculated under the following assumptions.

1. Each aircraft performs a vertical take-off. Short
roll take offs were not considered.




2. Each aircraft type launches five minutes after
notification. This represents each aircraft in a five
minute alert posture.

3. The JVX takes fifteen seconds to transition from and
to the airplane and helicopter mode. This is the time
required to rotate the prop-rotor system through its
full movement. During this transition it accelerates or
decelerates between 0 and 275 knots of forward airspeed.

4. The CV helicopter takes twenty seconds to accelerate
and decelerate between the speeds of 0 and 180 knots.

5. Each aircraft requires twenty seconds upon arrival
at datum to establish and position itself in its initial
sonar hover.

6. Both aircraft require ten seconds to lower the sonar
transducer.

7. The change in speed for both aircraft during speed
transitions is assumed to be linear.

Time Enroute = time to launch (5 minutes)

+ time to transition to maximum forward airspeed
(JvX 15 seconds, CV helicopter 20 seconds)

+ time to transit at maximum speed a distance
equal to the distance to datum less thes
distance traveled during speed transitions.

+ time to transition from maximum speed to a
hover

+ time to lower the sonar transducer

h. Distance to Datum

The scenarios were simulated for distances to

datum out to one hundred nautical miles. While the current

aircraft carrier ASW inner zone is defined to be fifty

nautical miles, further ranges are of interest. Both the

JVX and the CV helicopter have higher maximum cruise speeds
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than the SH-3H. The capabilities and limitations of
currently available assets drive tactical procedures. The
SH-3H is most effective at ranges out to fifty nautical due
to its speed and on-station time parameters. It is possible
that the capabilities and limitations of the replacement
aircraft for the SH-3H would lend credence to a reevaluation
of ASW tactical doctrine and a redefinition of ASW zone

boundaries.

C. MODEL VALIDATION AND CORROBORATION

Model validation and corrobation was accomplished by two
methods, one being an inspection of the output for obvious
inconsistencies or errors, and the other being more
mathematically driven analysis. An examination of the model
ouput for obvious inconsistencies will be discussed first.

Since the only difference in the aircraft
characteristics of significance in this model are maximum
transit speed and on-station time, it would be expected that
the aircraft which can arrive at datum with the least time
late would have greater success. The JVX with its
superiorty in speed does in fact have at least the same or a
greater probability of detection in all cases examined. It
would also be expected that detection probabilities would
decrease as the range to datum, and subsequently time late
increases. This is indeed the case for both aircraft types

at all variations of submarine speed.
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In two aircraft scenario, a greater area around the
datum is searched in the same amount of time as in the one
aircraft scenario, and therefore the probabilitv of
detecting the submarine should be higher in the two aircraft
scenario. While the quantitative improvement with two
aircraft searching varies with submarine speed, the
detection probahilities produced by the model are greater
with two aircraft searching than with one aircraft searching
in all cases simulated.

The aircraft have on-station time limitations which are
determined by the distance to datum, aircraft speed, and
fuel capacity and consumption ratz=s. In all model runs, the
time which the aircraft remain on-station is within the
limitations of their on-station times.

Intuitively it would seernn that an aircraft would have a
hichar probability of detecting a slow moving submarine than
a fast moving submarine while following an expanding square
seavch pattern. The model is consistent in this respect as
the detection probabilities are high with slow moving
submarines and decrease as submarine speeds increase.

An output from the model for each scenario is the
probability of detecting the submarine on the first
detection opportunity or 'ping' at the first search position
of the expanding square search pattern. In the scenario of
one aircraft searching, this probability can be determined

analytically when thr2 submarine's speed is fixed. When the
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submarine's speed is fixed, its distance from datum when the
searching aircraft arrives at datum can be determined and
the analytic probability of detection calculated Lkased upon
the detection probability distribution used in the model.
The distance the submarine has traveled when the aircraft
arrives at datum is its speed multiplied by the aircraft's
time enroute to datum. The resulting analytic probability
of detection at this distance is calculated using the
model's detection probability distribution.

The probabilities of detection on the first detection
opportunity at the first search position derived
analytically and those produced by the model for the search
tactics which yielded the highest overall detection
probabilities appear in Figure 3-4. These probabilities
represent the situation where the submarine's speed is fixed
at 5.0 knots. It should be noted that the search tactics of
search position separation and search position time do not
influence these results, and therefore, the simulated
probability of detection on the first search opportunity
should be similiar for all model runs where the submarine
speed is fixed. This is indeed the case. The fact that
they are not identical is attributed to variations in the
order in which random numbers are generated. The analytical
and simulated probabilities exhibited in Figure 3-4 are very

close at all distances to datum for both aircraft carriers.
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One CV Helo Searching Subspeed Fixed at 5.0 Knots

: Distance Aircraft Submarire Analytic Model
S to Datum Time enroute Distance From P(Ping) P(Ping)
‘ (minutes) Datum Wken
Aircraft

Arrives (yds.)

10 9.17 1528.33 0.7224  0.7250
20 12.50 2083.33 0.4602  0.4560
30 15.83 2638.33 0.2119  0.2280
40 19.17 3195.00 0.0681  0.06CU
- 50 22.50 3750.00 0.0143  0.0210
;:é 60 25.83 4305.00 0.0000  0.0000
‘?E 70 29.17 4861.67 0.0000  0.0000
ié[ 80 32.50 5416.67 0.0000  0.0000
. 90 35.83 5971.67 0.0000  0.0000
i;{ 100 39.17 6528.33 0.0000  0.0000
i;; One JVX Searching Sub Speed 5.0 Knots
i§§ 10 7.93 1321.67 0.8023  0.7960
’Q% 20 10.11 1685.00 0.6517  0.6700
ﬁ{, 30 12.30 2050.00 0.4900  0.4460
%gg 40 14.48 2413.33 0.3015  0.3180
:§% 50 16.66 2776.67 0.1660  0.1720
»l% 60 18.84 3140.00 0.0771  0.0860
o 70 21.02 3503.33 0.0300  0.0290
;EE 80 23.20 3866.67 0.0099  0.0100
éﬁ 90 25.39 4231.67 0.0000  0.0000
§§ 100 27.57 4595 .00 0.0000  0.0000
e
;lg Figure 3-4 Model Validation
N7
b
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With a five knot submarine, the time it takes the CV
helicopter to arrive a+ datum makes it impossible for the
aircraft to detect the submarine at the initial search
position at ranges to datum of sixty nautical miles and
beyond. The simulated probabilities are consistent in this
respect. It is impossible for the JVX to initially detect
the submarine at a range of ninety nautical miles and
beyond. The simulated detection probabilities here are also

consistent with those derived analytically.

D. Model Results

The model output which is used as the measure of

o effectiveness to compare the predicted performance of the CV
_fé . helicopter and the JVX in each scenario is the overall

. probability of detection. Figures 3-5 through 3-9 display
*$§ ; the results for the one and two aircraft scenarios for the
:%E five cases of submarine speeds. The information in these

3, figures was extracted from the model output for all

variations of input parameters. Appendix C contains a
representative cross section of the model output for several
cases. These tables also indicate the search position
separation used and the mission time by which all detections
occurred. The mission time begins when a remote sensor
reports the datum. In each case the tactic of search
position separation (three, four, or five nautical miles),

which yielded the highest overall detection probability was
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One Aircraft

Distance Optimal Search Probability Mission

to Datum Position of Time

(Nautical Separation Detection (Minutes)
Miles) (Nautical Miles)

CV Helo JVX CV Helo JVX CV Helo JVX
10 3 4 .5440 .6010 40 70
20 4 4 .4020 .4970 100 70
30 4 4 .3190 .3940 170 80
_ 40 4 4 .2500 .3470 160 160
}gj 50 5 4 .2100 .3140 140 170
:§§ 60 5 4 .1850 .2500 130 170
255 70 4 4 .1410 .2340 160 160
80 5 4 .1500 .2030 140 160
90 5 5 .1190 .1150 140 130
100 5 5 .0990 .1650 150 140
Two Aircraft
10 3 3 .6970 .7620 50 50
20 4 4 .5810 .6630 100 90
30 4 4 .512C .6100 160 160
40 4 4 .4510 .5610 150 160
50 4 4 .3570 .5140 150 160
60 5 4 .3280 .4550 130 170
70 5 4 .2990 .3930 130 160
80 4 4 .2370 .3830 110 160
90 5 4 .2200 .3000 130 110
100 5 4 .1970 .2950 130 50

Figure 3-5 Submarine Speed Uniformed (5.20) Knots
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One Aircraft

Distance Optimal Search Probability Mission
to Datum Position of Time
(Nautical Separation Detection (Minutes)

. Miles) (Nautical Miles)

CV Helo JVX CV Helo JVX CV Helo JVX
10 3 3 1.0000 1.0000 20 10
20 3 3 1.0000 1.0000 140 20
30 3 3 .9950 1.0000 150 50
40 3 3 .9730 1.0000 150 50
50 3 3 .9100 .9940 160 150
60 3 3 .8700 .9630 160 150
70 3 3 .8150 .9350 140 150
80 4 3 .7620 .9170 130 150
920 4 3 . 7490 .8960 130 160
100 4 3 .7480 .8370 130 20
Two Aircraft
10 3 3 1.0000 1.0000 20 10
20 3 3 1.0000 1.0000 50 20
30 3 3 1.0000 1.0000 150 40
40 3 3 1.0000 1.0000 150 50
50 3 3 1.0000 1.0000 160 150
60 3 3 1.0000 1.0000 160 150
70 3 3 .9990 1.0000 140 150
;é 80 3 3 .9910 .9990 110 150
: 20 3 3 .9700 1.0000 150 160
'ﬁ ‘ 100 3 3 .9230 1.0000 150 100
f? . Figure 3-~-6 Submarine Speed Fixed at 5.0 Knots
gE 73
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One Aircraft

Distance Optimal Search Probability Mission
to Datum Position of Time
(Nautical Separation Detection (Minutes)

Miles) (Nautical Miles)

CV Helo JVX CV Helo JVX CV Helo JVX

10 3 3 .7140 .9010 40 50
20 3 3 .4740 .5980 40 30
30 4 3 .3990 .4510 80 40
40 5 4 .3510 .4160 20 80
50 5 4 .2910 .3710 20 70
60 5 4 .2310 .3310 80 70
70 5 5 .1840 .3120 80 90
en 5 5 .0990 .2780 50 80
90 5 5 .0460 .2490 50 80
100 5 5 .0280 .2040 60 80

Two Aircraft

10 3 3 .9330 .9760 50 50
20 3 3 .8390 .8870 60 60
30 4 3 .7400 .8600 80 60
40 4 3 .6670 .7740 70 60
50 5 4 .6000 .7620 920 70
60 5 4 .5640 .7010 90 80
70 5 5 .4320 .6240 100 90
80 5 5 .3460 .5500 110 20
20 5 5 .2270 .6000 110 20
100 5 5 .1450 .5140 110 90

Figure 3-7 Submarine Speed Fixed at 10.0 Xnots
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(* no detections)

30

30

30

30

30

40

40

40

30

40

40

40

40

40

40

40

40

50

Distance Optimal Search Provability Mission
to Datum Position of Time
(Nautical Separation Detection (Minutes)
) Miles) (Nautical Miles)
CV Helo JVX CV Helo JVX CV Helo JVX
10 3 4 .2640 .2800 20
ég 20 4 3 .2170 .2570 30
E;s 30 5 4 .1710 .2030 30
40 5 4 .1060 .1820 40
50 * 5 .0000 .1610 *
60 * 5 .0000 .1320 *
70 * 5 .0000 .0660 *
80 * 5 .0000 .0180 *
90 * * .0000 .0000 *
L 100 * * .0000 .0000 *
:5; Two Aircraft
i:%’ 10 4 3 .5350 .5630 40
S 20 5 4 .4370 .4750 40
%s 30 5 4 .3180 .4110 40
i% 40 5 5 .2260 .3700 40
e 50 4 5 .1340 .3230 40
60 5 5 .0930 .2630 50
70 5 4 .0920 .1680 50
80 5 4 .0540 .1390 50
y 90 5 4 .0230 .0970 50
35 100 * 5 .0000 .1020 *
g? . Figure 3-8 Submarine Speed Fixed at 15.0 Knots
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Distance Optimal Search Probability Mission
to Datum Position of Time
(Nautical Separation Detection (Minutes)
Miles) (Nautical Miles)
CV Helo JVX CV Helo JVX
10 5 4 1740 .2120 30
20 5 5 .1250 .1690 30
30 5 5 .0010 .1360 30
40 * 5 .0000 .0290 *
50 * * .0000 .0000 *
60 * * .0000 .0000 *
70 * * .0000 .0000 *
80 * * .0000 .0000 *
90 * * .0000 .0000 *
100 * * .0000 .0000 *
Two Aircraft
10 4 4 .3810 .4160 30
20 5 5 .2800 .3480 30
30 4 5 .1230 .2830 30
40 5 5 .1140 .1670 40
50 5 4 .0580 .1160 40
60 * 5 .0000 .09200 *
:; 70 * 5 .0000 .0940 *
é;? 80 * 5 .0000 .0390 *
0y 920 * 5 .0000 .0070 *
100 * * .0000 .0000 *

One Aircraft

Figure 3-9 Submarine Speed Fixed at 20.0 Knots
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chosen and used for comparison. In situations where the
detection probabilities were close between different search
tactics, the case where ninety-five percent of the
detections occurred in a shorter period of time and in a
fewer number of search positions was chosen.

On-station time proved not to be a factor for either
aircraft type in the ASW pouncer scenarios. In all cases
the incremental increase in the number of detections
decreases as time elapses. This means that once an initial
threshold of time is reached when detections are possible,
they occur relatively quickly, and the likelihood of
detecting the submarine diminishes in later search
positions. The initial time threshold time before which
detections are impossible, is dependent upon distance to
datum, aircraft speed and submarine speed.

The model results show that the time required for the
searching aircraft to arrive at datum is a crucial factor in
the success of an ASW pouncer mission. The JVX with its
higher maximum speed arrives at datum sooner than the CV
helicopter at all distances to dacum, and subsequently has
at least the same or a higher probability of detecting the
submarine for all variations of submarine speed. This is
true in both the one and two aircraft scenarios. The
results also show that in all cases, detection probabilities
are higher with two aircraft searching than with one

aircraft searching. This is attributed to the greater datum
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area coverage with two aircraft. The improvement in
detection probabilities with two aircraft searching is most
significant with higher submarine speeds.

In light of the model results which indicate that the
probability of detection is a function of aircraft enroute
speed, the magnitude of the difference in detection
probabilities becomes of interest. It would be expected
that the difference in this magnitude would increase as the
distance to datum increases, since the time enroute
difference becomes more pronounced. The detection
probability differences with increasing distances to datum
varies with submarine speed and the number of aircraft
searching. There is no appreciable difference in overall
detection probability between two aircraft when the
submarine's speed is at the extreme of those analyzed.

1. Submarine Speed Fixed At Five Knots [Figure 3-6]

When the submarine's speed is fixed at 5.0
knots, both aircraft have extremely high probabilities of
detection at ranges out to one hundred nautical miles. 1In
the one aircraft scenario the JVX detects the submarine with
certainty out to ranges of forty nautical miles and the CV
helicopter detects with certainty out to approximately
thirty nautical miles. Beyond the ranges where both
aircraft detect with certainty, the difference in detection

probabilities remains fairly constant with the JVX having
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§§ approximately a 0.10 advantage. While the overall detection
& probabilities do not differ significantly, the mission time

sa required for all contacts is considerably less with the JVX

_ﬁ! at ranges out to forty miles. At a range of forty miles the
é& . JVX makes all its detections within fifty minutes, as

™ compared to 150 minutes for the CV helicopter. With two

)~\

;§ aircraft searching, the JVX's detect the submarine with

3

Eg certainty at virtually all distances to datum out to one

3 hundred nautical miles. The CV helicopters detect with

certainty out to distances of sixty nautical miles and with

probabilities of at least ninety-two percent out to one
hundred nautical miles. At distances to datum out to forty
miles, the JVX makes all its contacts in a considerably

shorter period of time, and at fifty miles and beyond, there

is no appreciable difference in mission time between the

£

QQ aircraft. These results indicate that the differential in
7-_,,‘:

3

ﬁ% speed between the aircraft is of little significance in

' detection probability against a slow moving submarine, but
‘ﬁ

;% is ar important factor in the mission time required.

;h 2. Submarine Speed Fixed At Twenty Knots [Figure 3-9]
i; When the submarine's speed is fixed at twenty knots,
74

3 there is also little difference in detection probabilities
f‘—,‘.‘

}3 between the aircraft. In the one aircraft scenario the CV
T

é! helicopter has essentially a zero probability of detection
3 at distances to datum of thirty nautical miles and beyond.
W

T The JVX has a zero probability of detection at ranges of

i N

)

8 79

8 "2

)

s+ Rt
-

s
v

B 4 RIS LA, SR S U GO S A AL A L A TS T4 L M AT LY L R I S R W P E



-W
ZE B N

# ety

O o e ooy

s
L‘:ﬂ.‘/.gnvi & .

e

%

I 1
o

o« iR ic i
. X
ok

.

B 2

£

7

%]
]
-
<

v
. 8 2 £ &

&)
W

o e I P WA W0 oV e P o T I TR A W W Pl I e Wl ML W L W S BT Wl M Wik Wb B e bl ok sl 0 il WA

fifty nautical miles and beyond. At ranges of thirty
nautical miles and less both aircraft have approximately a
twenty percent or less chance of detection. The only
significant difference is at thirty miles where a single JVX
has approximately a 0.14 detection probability and a CV

hel copter has approximately a 0.001 detection probability.
A statistical test of differences, which utilizes the facts
that the probability of detection for both aircraft types
are Bernoulli parameters, and the difference in the
probabilities is approximately normal, was performed. The
null hypothesis is that both aircraft types have the same
probability of detection at thirty miles to datum. With a
significance level, alpha, of 0.05, (the risk of rejecting
the null hypothesis when it is true) the null hypothesis was
rejected. Therefore, the difference in detection
probabilities is significant.

In the two aircraft scenario the CV helicopter has a
zero probability of detection at sixty miles and beyond, and
the JVX has less than a ten percent probability of detection
at ranges of sixty miles and beyond. Again the only
significant difference between the aircraft occurs at thirty
miles to datum where the JVX has a 0.28 detection
probability and the CV helicopter has a 0.12 detection
probability. Here, a test of the hypothesis that the

probabilities are the same for both aircraft types also
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concluded that they are not the same with a significance
level of 0.05.

In both the one and two aircraft scenarios, there is
no real difference between the aircraft in mission time, and
detections all occur within forty minutes of the datum being
generated. Against fast moving submarines, both aircraft
either gain contact early into a mission or not at all.

3. Submarine Speed Distributed U(S5,20) Knots
LFigure 3-5]

When the speed of the submarine is unknown and is
simulated as a random variable distributed uniformly between
five and twenty knots, the JVX has a higher overall
probability of detection at all ranges with both one and two
aircraft searching. In the one aircraft scenario there is
not a trend in the magnitude of the difference in detection
probabilities as the range to datum increases, and the JVX
generally has between a 0.05 and & 0.10 advantage in overall
detection probability. 1In this case, a test of differences
of the detection probabilities.for each aircraft type
rejects the hypothesis that they are the same at all
distances to datum except ninety miles. A significance
level of 0.05 as utilized. At ninety miles to datum there
is no difference between aircraft. At ten miles to datum
the CV helicopter has an advantage in mission time and the
JVX has an advantage at ranges of twenty and thirty miles.

Beyond thirty miles there are no considerable differences in
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mission time between the aircraft. With two aircraft
R searching the only significant differences between the
aircraft occur at fifty and eighty nautical miles to datum.
At fifty miles the JVX has approximately a 0.16 increase in

detection probability with a similiar mission time. At

-

74
'

eighty miles the JVX has a 0.15 increase in detection

P

‘fs‘.';

A . . . .

,{3 probabilities is less than or equal to 0.12 and there are nc
Lo major varliations 1n mission time.

4. Submarine Speed FIxed At Ten Knots [Figure 3-7]

When the submarine's speed is fixed at ten knots,
the JVX has a considerable advantage over the CV helicopter
at most raenges to datum. With one aircraft searching the
difference between Jetection probabilities ranges between
0.10 and 0.20 for most distances to datum, and the magnitude
of the differences tends to increase with distance to datum.
For both aircraft types, the longest mission time is ninety

minutes. With two aircraft searching the magnitude of the

b

B N

A5 difference in detection probabilities also increases with
3 . . . :
-3§‘ distance to datum, and the largest difference is at ninet'y
E-" o
N miles wher~s the JVX has a 0.373 advantage. There is also
:5} little difference in mission time between the aircraft.
334
N S. Submarine Speed Fixed At Fifteen Knots [Figure 3-8]
S -
3 When the submar.ne's speed is fixed at fifteen
9
T knots, the JVX has an advantage at longer ranges to datum.
e
’Eﬁ In the one aircraft scenario, the CV helizopter has no
LY.
E& chance of detecting the submarire at fifty miles and beyond,
B
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and the JVX has little or no chance at seventymiles and
beyond. At ranges where they both can detect the submarine,
the JVX has a minor advantage. There are no significant
differences in mission times between the aircraft with the
longest time being forty minutes. With two aircraft

searching, the JVX's advantage occurs at ranges of forty

>N T T N AL TN YRY  oX. oK i Ms Ber ¥ o AL W LK

miles and beyond. At beyond forty and sixty miles to datum,

kA

the JVX has between a 0.14 and 0.7 advantage in detection
procability. At eighty miles and beyond, the CV helicopter
has little ur no chance of detection and the JVX has
approximately a ten percent chance of detection. The
longest mission time with two aircraft searching is fifty

minutes.
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IV. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER STUDY

A. CONCLUSIONS

There are differences in the expected compatibility and
projected effectiveness between the CV helicopter and the
JVX in all of the areas investigated in this thesis. The
advantages of each aircraft are mixed. That is, each
aircraft is better suited or has more potential
effectiveness than the other in different areas. The
physical and flight performance characteristics which
distinguish the aircraft are size, weight, wind envelopes,
fuel quantity and consumg:tion rates, and speed.

The smaller size of the CV helicopter enables it to
operate with and from more ship types. It also occupies
less space on the aircraft carrier flight deck. The wind
eanvelopes for take off, landing, and hovering are less
restrictive for the JVX which simplifies the operating
procedures of both the aircraft carrier and other surface
ships.

For approximately equal on-station times for the two
aircraft in a mission profile which consists of the time on-
station being divided evenly between cruise flight and
hovering, the JVX consumes roughly thiee times the quantity
of fuel which the CV helicopter consumes. In addition, the

relatively high fuel consumption rates of the JVX leads to
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; doubts concerning the feasibility of its performing the HIFR
evolution with current ship fuel pumping rates of
approximately thirty gallons per minute. If ship fuel
pumping rates were upgraded to one hundred gallons per
minute, the JVX would be well suited for this evolution.

The flight characteristic which most prominently
distinguishes the aircraft is speed. While the CV
helicopter's maximum speed of 180 knots represents a
significant improvement over the current carrier based ASW
helicooter's maximum speed of 120 knots, its maximum speed
is ninety-five knots less than the JVX. This speed
differential proved to be significant with respect to long
range non-combat Search and Rescue potential and in an ASW
pouncer mission.

- In the ASW pouncer mission employing an expanding square
search tactic, the magnitude of the differences in detection
probabilities, credited to the speed difference between the
aircraft, proved to be dependent upon the speed of the
submarine. Generallw, there is little difference in

predicted performance between the aircraft when the

vy
o

submarine's course is unknown, bLut its speed is either slow

A

or fast. When the sibmarine's speed is also unknown, but is

FURP R R

i Wty
¥ tr

equally likely to be any speed between five and twenty
knots, the JVX consistently has at least the same or a

greater chance of detecting the submarine than the CV
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;ﬁ&' helicopter. The improvement in detection probability of the
s 2
] . .
el JVX over the CV helicopter tends to increase as the distance
R to the reported datum position increases. 1In addition to an
<L increase in detection probabilities, the speed advantage of
TR
i:’ﬁ;: the JVX generally enables it to detect the submarine in a
S
N shorter period of time.
Srhe
<R
“::3::‘
:.,:‘ B. RECOMMENDATIONS FOR FURTHER STUDY
Rs. This thesis has investigated several operationally

oriented areas in comparing these two types of aircraft. It

is by no means exhaustive, as there are many other important

factors which merit comparison. The maintainability and
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reliability of the aircraft and their systems, and the
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associated economic ramifications should be investigated.
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Both of these topics are critically important. Because
helicopters have been in service for many years, there
exists a vast amount of experience and expertise in
helicopter maintenance. A tiit-rotor configured aircraft,
while not a new concept, has not been proven in fleet
service and there is no existing experience in its
maintenance. A factor which would influence its flight deck
compatibility and maintainability is the complexity of its
wing,/blade fold system. This factor merits specific

concentration.

The scenarios whic* have been modeled for the purpose of

comparing mission effectiveness are very specific. Other
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ASW mission flight profiles, such as random area searches

e

SRR S K
ity teed by

which employ other sensors in addition to dipping sonar

. should be investigated. In the ASW pouncer mission model,
on-station time proved not to be a limiting constraint. In
a random area search, it probably wculd be a determining
factor with respect to area coverage and flight profile.
This model analyzed only the search phase of the ASW

mission. Further studies could expand this to include

localization and weapon system considerations.




APPENDIX A.

MODEL CONSTRUCTION
A. INTRODUCTION.

The ASW pouncer mission model consists of a main program
and five subroutines. All the program variables are
declared as common to the main program and the subroutines.
The methodology for the calculations performed throughout

the model is documented in the program listing.

B. PROGRAM OUTLINE

Main Program:

The main program is used to set the input variables. It
initializes the bookkeeping arrays and calls either the one
aircraft searching subroutine or the two aircraft searching
subroutine, depending upon the input parameters. The
subroutines return the generated results and the main
program outputs the results. The construction of the main

program is illustrated with a flow chart.

Subroutine S1ACl:

This subroutine simuiates the scenario of one aircraft
searching for the submarine. It receives the input values
and booxkeeping arrays from the main program and replicates

the search procedure 1000 times at each distance to datum.

88

AR R ALY Y. e s th 4 W PR 2R UL o A . . A W L S WP 2 WK A RS el I 1

Pl ai wike |




el dea d M 2 - ik apR Ve Ll Rty § vy LTSGR o 0 on 5 DR Szl Baghy s ey £ 1 Sk e M S ~ R WAL AT N TS A W T L e U L W T A e LS T T T e R e e A ek e

o It returns the generated results to the main program to be
2 output. This subroutine invokes subroutine SUBPOS to
calculate the submarine position and subroutine GRIDS to
establish the coordinates of the aircraft's search

positions. The constructicn of this subroutine is

illustrated with a flow chart.

_:(

%: Subroutine S1AC2:

- This subroutine simulates the scenario of two aircraft
é searching for the submarine. It receives the input values
tg and the initialized bockkeeping arrays from the main program
;; and replicates the search procedu:s2 1000 times at each

5

f distance to datum. It returns the generated results to the
‘é main program to be output. This subroutine invokes

% subroutine SUBPOS to calculate the submarine's position. It
éé also invokes subroutine GRIDS to establish the coordinates
i% of the first aircraf:'s search positions, and subroutine

¥ GRIDSS to establish the coordinates of the second aircraft's
3 search positions. The methodology of this subroutine is

% identical to that used in the one aircraft searching

subroutine. All procedures and calculations are performed

3

™ in a similar manner, but are performed simultaneously and
'p independently for each searching aircraft.

| Subroutine SUBPOS:

o«

This subrou:ine calculates the submarine's position

based on its course, speed and previous position. Because
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this function is frequently required in the scenarios, it
was incorporated into a separate subroutine in the interest
of minimizing source code lines. It is invoked by the S1AC1

and S1AC2 subroutines.

Subroutine GRIDS:

This subroutine consists of a series of imbedded loops
and establishes the X and Y coordinates of the search
positions for a north-oriented expanding square search
pattern. It is used in the one aircraft searching scenario
and for the first aircraft in the two aircraft searching

scenario.

Subroutine GRIDSS:

This subroutine consists of a series of imbedded loops
and establishes the X and Y coordinates of the search
positions for a south-oriented expanding square search
pattern. It is used for the second aircraft in the two
aircraft searching scenario. The initial searc* position is
offset one-half of the designated distance between search

positions to the south and to the west.
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APPENDIX B

MODEL PROGRAM LISTING.

This appendix contains the program listing of the ASW
pouncer mission model. An identification of the main

program and the subroutines follow.

Page
%ﬁ
oy Main Program Main program for model a5
\';'.}
1Na
L . .
E5¢ S1ACl1 Subroutine for the scenario 100
o of one aircraft searching
E- ) :
AN for the submarine.
o
Ay
S1AC2 Subroutine for the scenario 107
X of two aircraft searching
i) .
4 for the submarine.
,:‘
1%
1o :
0 SUBPOS Subroutine to calculate the 115
) submarine's position.
2
o GRIDS Subroutine to calculate the 116
j?ﬁ X and Y grid coordinates of
&8 the aircraft's expanding
k. square search pattern
Sy positions.
N
o
3§i GRIDSS Subroutine to calculate the 117
;ﬁ X and Y grid coordinates of
W the second aircraft's
AN expanding square search
P pattern positions.
A
’1\“~
i
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APPENDIX C

REPRESENTATIVE EXAMPLES OF PROGRAM OUTPUT.

The model was run for all combinations of one and two
aircraft searching, distances between search positions of
three, four, and five nautical miles, and submarine speeds
either fixed st five, ten, fifteen and twenty knots.
Additionally, the case where the submarine's speed is
distributed Uniformly between five and twenty knots was run.
A total of sixty runs were performed. This appendix
contains a representative cross section of the model output.

A listing of those included follows.

Aircraft No. searching Distance Subspeed Page
Type between
dips
CV Helo 1 5 U{5,20) 121
JVX 1 3 u(s,20) 122
CV Helo 2 5 5.0 123
JvXx 2 5 5.0 124
CV Helo 1 3 10.0 125
JvX 1 5 10.0 126
CV Helo 2 4 15.0 127
JvX 2 4 15.0 128 .
CV Helo 2 5 20.0 129
JvX 1 5 20.0 130
120
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S

CV ASW hELICOPTER

SUEMARIMNE SPEEL FIXID 20.C KilOTS

CISTANCE BETWLuH DIPS 5 NM

TaC AIRCRAFT - GiiC SUBFIRI'IE

¥AX DIP TIN: 2 MIN

o

RIS
A,

35}

CISTAKCE TO DATULF (NAUTICAL MIL

40 50 €0 70 40 S0 100

3C

e
1)

Y 1

,.-A\ii\ iy

0e3368C 0.28C0 C,1C40 0.144C 0.G580 C.(C40 0.uCO0 0.0000 0.000C 0.0009
0.086C 0.C81C Co0C20 C.0CUC €.0U00 C.CUU0 J.UC00 0.000C C.00CC C.0000

PLDET)
PLPING)

v

R

F(DET BY TIME T | DETECIICH)
CISTANCE TO DATULFM (NAUTICAL MILES)
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2¢ 30 40 59 €0 10 80 SC 100
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TILT-ROTOR (JVX-ASW VAFIANT)

SUBMARINE SPEEC FIXED 20.C KNOTS
CNE AIRCRAFT - ONE SUBMARING

N YAX DIP TIME 2 MIN  CISTAMCE BEIWEEN DIPS 5 HM
ié*“ CISTANCE TO DATLM (MAUTICAL MILES)
G 10 20 30 40 50 €0 70 30 90 100
:.:‘f'ts
k2 PIDET)  0.1716G 0.1650 0.1360 0.029C 0.J000 0.C000 0.0C00 0.0000 0.000C 0.0000
AN
A P(PING) 0.000C 0.000C G,0000 U.000C 0.0000 0.C000 0,0000 0.0000 0.000C 0.0000
A%:g P(DFT BY TINE T | DETECTION)
e CISTANCE TO DATUM (MAUTECAL MILES)
il T(MIND 10 20 3c 40 50 €0 72 80 90 100
10 €.000C €.00CC €.COUO 0.0000 €.0000 0.0(00 0.0000 0.0000 0.0000 0.000)
20 0.9774 0.5858 0.5882 0.1034 C.0000 0.CCGO 0.0000 0.0000 0.0000 0.0000
3¢ 1.000C 1.000C 1.0000 1.0000 C.0000 0.0C00 0.0000 0.0000 0.000C 0.0000
P(DET BY DIF N | DETFCTION)
CISTANCE TO DATUM (NAUTICAL MILES)
DIP # 10 20 3¢ 40 50 6¢ 70 30 90 100
1 C.00CC 6.0COC €.0000 0.0000 C.00u0 0.CC00 0.0000 0.0000 0.0000 0.0000
2 0.5476 0,5858 0.5882 0.3103 C.0000 0.0€00 0.0000 0.0000 0.0000 0.0000
3 1.000C 1.000C 1.0C00 1.0000 C.0000 0.0€00 0.uJ0d 0.0000 0.000G J.0000
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